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1 Our invention relates generally to otuw platforms
and move particularly 1o a stabilised mount for cameras.

When & camera i{s mounted and eﬁohto&" in a moving
vehicle, the camera is normally lubjoczid to -u the motions

5 sxperienced by the vehicle. A photograph of a'stationary object
taken by the camera would reflect all of these motions in the
picture. The resultant effect, of course, would be blurring of
the picture due to relative motion bmo?n the camera and the
stationary object or scens being photographed. 'Aerial cameras

10 mounted ia aircraft, for example, are .oma employed to photo-
graph the terrain over which the aircraft flies. For each par-
ticular picture, the film in the camera is ununy moved in the
direction of flight at a rate which minimizes lm;lg. motion on
the film due to forward motion of the itr;:rm. This is conven-

15 tional image motion compensation, However, blurring of the
picture may still occur because of gyrat{ou; of the aircraft
mounting the camera which introduces oﬁor. uacompensated
relative motions, Of course, thers is ﬁvay' g'hc effect of
vibration and other oscillatory motions oﬁ the camera.

20 It is an object of our invention to provide a camera
mount for isolating the camera {rom mrul disturbing an-
gular motions.

Another object of the invention is to provide a camera
mount which is especially useful for aerial cameras in isolating

25 the camera from aircraft angular motions,

.le
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1 Image motion compensation is far more effective in.
practice by rotating (swinging) an urhl ‘emoﬁn bodily about
an axis which eliminates image mouon across éio film, than
by moving the film itself. If the camers mount can be cnﬁud

5 to rotate about an axis at 2 rate which compensates for image
motion due to forward velocity ot‘bthn ur.crm.'l_b!urring of the
picture will be imperceptible. |

Anothsr object of our invention is to provide a camera
mount which can rotate the ¢camera ubout an axis at a rate to

10 produce effective image motion compensation.

A further object of the invention is ‘tu pr:ovidc a camera
mount in which angular velo¢ity of the ;neunt about any axis can
be controlled extremely accurately.

Briefly, the foregoing and other objects are prefer;ﬁly

15 accompiished by providing a three n:.h.. ’ﬂoxunl supported ginibal
for mounting a camera. Torquer solenoids are attached to the
gimbal between gimbal ring‘l‘nnd controlling m.an. including rate. -
gyros connected in velocity servos for qusi_lxg uy angular motion
of the mount are included to signal the ‘colmtdl“ to exert torqué

20 on the mount sc as 0 oppose ﬁhe sensed ;agulu" movement of the
mount. When the mount reaches lor;': velocity, .no signal is gen;-
erated and none of the soleuﬁtds are #tnud. -i‘he controlling
means can also comumand rates other thu setoiveloc!ty about
an axis to provide image motion compensation. A mechanical

25 cager can lock the camera to airfruﬁc .trucbtur‘o. for example, -

when the camerz stabilized mount is not in ofuution‘
“2-
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Figitu land 2 u-o simplificd drawinzs which illustrate

akgemn! ur‘a“m tn which » camera 17 can be mounted on

‘a prdorred}ﬁmm'd the Inventlon, ‘he camera 10 is shown

‘only in outline form for clurity ef illnstraticn and the camera 19

‘in this instance is depicted as being mounted in an aivcraft, for

example, ﬂwd ) 15 & side view of the cainers mounted #o that

the forward.end of the afrcraft te to the lefi. =5 fndicated by

arrow 12 and the view shown 18 Figure . is that luoking forward

from bchlnt"_ﬂu tﬁncr‘ 10. The camera 1 is & coaventional

aeriat camaera for taking pictures of the terssin uver which the
éf’é“'( ;,(L?mnoz'-»

afrcraft fliss. The cpties/of the carerz I are suitably arranged

to iook dowamward at the ground which: {5 tov-ards the bottom of

the sheet inthe {llustrations of Figures I and 2. The camera 17

“is conventional but tq»uﬁtﬂcmrtuy adapiad te {it on the stabilized

roount,
A tube 14 {8 mounted transverscely ia the aircraft between

s left wall flange 16 and & right wall fsnge 16, Both ends of the

tube 14 are mh terminated in 8 pair of parallel cars 20a and 20b,

between which the thn‘il 16 and 18 extend and are each secured
therets by bolts 22a and 22b (Figure 2). Thua, uwircraft structure
is effectively extended from m wall (o the cther in the form of

s tubs 14. This tube 14 passes trensversely through the body of

"the camera L0 throwgh a tunnel formed by & larger tube 24, con-
centric with tube 14 and which is integraily a part of the camera 19.

The camers 10 l!ﬁ?llly surrounds the tube 14, in this instance.

b
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relay which energises the autobalance drive motor 66 to move

a slug s0 88 to compensate for unbalance of the camera. The

v weight of the slug is, for example, 3.75 lbs. and the compensa~

tion rate can be 0. 67 in. ~lb, /sec. Compeansation must take place
only &urtug the steady state portions of the stabilizing cycle; ae
transient rates caused by motion of the sirframe at the tims of
uncaging, unequal reacticn of captivator pins, and switching to
{image motion compensation, must not be used since they axe

not caused by the static unbalance of the camera,

The camera stabilined mount serve gensrally comprises
three velocity servo channels; pitch, roll and yaw, Each chasnel
is substantially independent slectrically of the other twe end
each channel inciludes a rate gyro, gyrc preamplifier, torquer
amplifier, power amplifier and push-pull solencid. These
amplifiers sre located mailaly in container 70, and various elec-
trical interconnecticas are made fa junction bux 72 (Figurs ).
Two smaller containers 74 snd 76 respsctively contain a film
drive sorvo and obligque servo, These servos are all mounted
on one side of the camera 10 below the autobalance tube 64.

The captivator 60 or caging device includes a U-shaped
{rame 78 which cradies the camera 13U between two bracketing
armas that are coanected by a common cross mamber positioned
to the rear of the carnera 10, The ends of the two bracketing
srms each terminate in the form of a yoke which embraces the

outer end of the inner tube 14 and are secured to the inner tubs

-11-
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by boeits ao& sad 50b which pass through respective yokes and
tube 14. The cornsrs of the U-shaped frame member are sup-
ported by adjustable atrframe attachment links 82a sad 52
(Figure 2) which ave .umgad to provide sslf-aligning support
for the U-shaped frame member 78 in spite of slight temper-
ature expsasion or contraction of the frame member, or the
like. Thus, the Ucshaped frams is supported purely by air-
frame structure, _

The eaptivator 60 also includes a 400 c.p.s. 3 phase
motor 84 tﬂeh is used to drive & magnetic bysteresis clutch
which, in turn, dr{vﬁ s ctiuh_ through an vatput shaft (all ot

shown herve) m‘mnn'a set of sliders 36a and 86b, uncaging

the camera 10, The sliders 86a and 46b engage with a set of

corresponding pias §8a and 88b which are mounted on shock
sheorders, one on sach side of the camera 10. The shock ab-
sorber pins 88a nﬁ 88b are respectively engaged by the capti-
vator slidere 86a and 861 when the camers is caged. The output
shaft chhlztm the crank that operates the st of sliders 86a
and 86b is spring loaded through suitabie gearing by a heavy coil
spring in tube 90. This spring drives the sliders 56s and 86k
together, aaging M camera 10, whenever the magnetic clutch
is M-mtiﬁu‘ ot in the event of power fallure to the 3 phase
motor 34 wllch nermally rm continuwously, Whea the magaetic
cluteh s ugrgmd. the crank is rotated agatast the load of the

heavy coil spring watil a mechanical limit stop is contacted, and
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the clutch then slips until the end of the uncage part of the cycle,
Kach slider is ptdiubly an alumisum casting that slides on
aylon bushings en a pair of parallel $/8 inch diameter steel
shafta. Nylon snebbers are used on the surfaces of the slider
contacting pins 88a and 88b to minimize shock load and wear,

A spring loaded detent (not shown hera) is aleo provided so

that the crank, when manually turned to its extzreme uncage
postition, can be locked in this position by pressing the spring
loaded dstent in to engage an end of a half segment gear which
is affined to and drives the output shaft, The force due to the
heavy coil spring transmitted through the half segineat gear
against the detent, holds the detsnt in position. The captivator
60 serves to recentsr the camera 10 after an exposure cycle,
for sxampls, and it locks the camera 10 to the airframe when
stabilization is not in process. The capiivator 60 will be further
dascridbed later.

A normasl sequence of operation is generally that as the
atrcraft files over terrain where it is desired to photograph an
area later along its flight path, film s first properly drawa in
the camera 10 and it {e thea uncaged by energicing the magnetic
hysterssis clutch which operates the craak and sliders I the
captivator 60, permitting the came¥s 10 to rotate fresly in all
three axes about a point. Unless stabilised, the camera 10 would
move uniformily at the same angular velocities possessed by the

airframe at the instant of uncaging (laws of metion), to which
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the camers was caged. Upon uncaging, angular movement of

the camera is stopped during & etabilisation interval ia which

a viscoue typs of damping is provided to overdamp the camera 10
about each axis. Overdamping causes angular motion to ceass

in minimum time. The camers 10 is etopped with respect to

gyro references, and the camers 10 is not influenced by aireraft
motion. During the stabilization interval, angular motion about
the roll, pitch and yaw axes cesss. This is accomplished by '
three velocity type servos, one for each axia as was described
sariier. Each servo chasnel includes &« rate gyro which senses
angular motion about its corresponding camers axis during the
stabilisation interval and duriag a later image motion 'compom-
tion interval. The rate gyre output, after umplification, is fed

to its channel torquer solenoid which exerts torque opposing the
camera motion, Motion can be controlled within the resolutica

of the gyro which is about 1/3 milliradian per secoad, for sxample,
By opposing angular motion with a torque proportional to angular
velocity, a viscous type of damping is achieved. Since the camera
is damped with respect to inertial space, it is not influenced by
movement of the airframe.

At the same time that camera motion sbout all three axes
is being stopped, the sutobalance mechanism 36 is also put isto
operation during the stabilization interval as described before.
After this interval, image motion compensation (L M. C.)is

started by introducing a pitch angular movement of the camers 10

wlde
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to compensate for the ferward motion of the aircrafs, while roll
and yaw motisa of the camcera 10 remain stopped. During the 1. M. C,
period, the camera 10 retates about the pitch axis at a fixed

vate which can be sst by the pilot by manually adjusting a sult-

abiy calibrated poteatiomaeter, for example, to intreduce a vate
command signal {nto the pitch servo channel. A pitch compeasating
angular motion of the camera 10 results since & velocity typs servo
can conunaad any angular velocity, as well &8 2er0 rate. During
the L M, C, period, while the image of the area to be photographed
is motionless, the camera shutter is operated by & pulse appearing
during this interval. After shutter operation, the camera 10 can
be captured and securely locked to the atrframe q.uh by de-ener-
gising the magnetic clutch of the saptivator 60. Power is also

disconnscted from the camera stabilized mount servo uatil the

~ aext eycle of oparation. This completes & general description of

& praferred smbodiment and application of the inveation.

The camers stabilised mount is shown in structural detail
principally by Figures 3, 4, 5, 6 and 7. Additionsl supporting
details of these figures are provided by Figures 3a, 3b, 3¢, 3d,
4a, 4b, Sa, 5b, 6a, 6b, bc, Ta, >, Tc, 74, Te, 71, 1g, Th, T
and 7). The thres axis, flexure supported gimbal 46 is illustrated
in detail by Figures 8, 9, 10, 11, 12, 13, 14 aad 15. The pivot
poiat for the mount is indicated in Figures 3, 4, Send & by a
small cirels having alternately shaded quadraats and is at the
Mtdmoe‘nh. Tigure 3 is a detailed side view of the

BS §. 7Y
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caners stabilized mount which shows at the top a channs! shaped
adapter plate 92 having two parallel upzight walles 92a, A side
vioew of this adapter plate 92 can be seen in Figure 4 which shows
the walls 92a being curved to conform with the surfsce of inner
tube 14 and two holes 92b {a each upright wall 92a near the ends
are prevm;l to accept the two bolts 30 which secure the adapter
plate 92 to the flanges 26 and 26 of the inaer tube 14 (see Figure
2). The adapter plate 52 {s detailed in Figures 5a and 5b, and
is shown properly installed in Figure 5. The adapter plate 92
rests on the upper pcx:lphcn.l n.u'fa»cen of ball joint structure 32
which, in turn, stands on the top edges of the:ypper yoks of flexure
supported gimbal 46 ne shown in the partially uétional view of
Figure 7. The ball joint structure 32 is shown in detail by Fig-
ures 7g, 7h, M and 7j. Four holes 94 forming & aquare are pro-
vided through this structure 32 and these holes 94 are srranged
to coincide with four holes 96 in adapter plate 92 as shown ia
Figure 5a. Theso holes 94 and 94, in turn, are sligned with
four threaded holes 93 located in the top edges of an upper body
100 of the flexure supported gimbal 46 (seo the perspective of
Figure 8). Tour leng bolts 102 (Figure 5) are used to secure
the adapter plate 92 and ball joint structure 32 to the upper body 100,
The upper body 100 i{s supported and connected through twe
sets of pitch axis floaxures 104 to 2 middle bady 106 of the gimbal
46 and tha middle body 106 ia, in turn, supported and connected

by two sets of roll axie flexures 108 to a lower body 110, The

~16-
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lower body 110 has &« ruised center core section which is connected
to a center support columa structure through two sets of yaw axie
flaxures that hold the center support columa structure parallel
with the lower body core sectlon, Each eet of flexures comprises
two thin metal strips mounted side by side and crossed so that the
planes of thﬁ two strips would intersect at 96 degrees if the stripe
were widensd and extended into each other. = strip is terminated
{n cubes at each end which can be integral with the metal strip.
The strips can be other than metal, of course, and do not have to
be integral with the end cubes, but can be suitably secured to them.
This forms a pivot with negligible friction and a very small amount
of spring compliance. The pitch and roll axis ﬁexuro:f::c)‘(. 016 ~
inch thick, 7/16 inch wide and 1/2 inch long. The yaw axis flexures
are the um:o width and length but bave a tapering lengthwise cross
section of ., 214 iach minimum thickness. 'ﬂ\o lengthwise cross
sectional edges are elliptical and are . 060 inch thick where they
Joia with the end cubes. The top of the center support column
structurs has three threaded holes, triangularly spaced to coin-
cide with three holes 112 bored in the center of the trunnion mem-
ber 44 a» 'h;wn in Figure 7b, Figures 7a, 7b and 7c fully illas~
trate the trunnion member 44. The ball joiat structure 32 has
three largey holes 114 (Figure 7i), triangularly spacsd, to per-
mit paseage and instaliation of three bolts 116 (Figure 3) which
socure the t?unnh:n member 44 to the center support column

structure as shown in Figure 7,

«}7-
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1 The cylindrical ring member 36 to which the ead plates
425 and 428 (Figures 3 and 4) are affixed, is shown in detail by
Figures 74, 7e and 7f, Siace the end plates ¢2a and 42b are
respectively welded to the ends of the two trusaions of the
trension member 44, and the cylindrical riag member 36 is
fastensd by bolts 38 (Figure 2) through tab flanges 40 to the
outer tube jﬁl. which Lo intagral with the camers 10, the camera
10 e thus supported om the three anis, flaxurs supported gim-
bal 46 and & ldﬂy "ball joint’ type support is provided by the

10 lower innar edge of cylindrical ring member 36 and the flaring

coaical lower side of ball joiat structure 32 (Figure 7).

The brackets that support the torquer solenoids are
mountsd detween |ﬁnw rings s0 that cach solenocid torques
oaly abeut the axis on which i1 {s mounted. The pitch solenold 48

15 is {astened dependently te a bracket 116 which is, in tarn, secured

to an upper jokc 128. The upper yoke 120 is {liustrated in detail

| by Figures 4a and 4b snd is sttached o the middle body 106 by

cap screws 120a as shown in Figures 3, 4 and 6. The pitch
solenoid 48 ls conmectad to an upper bracket arm 122 through

20 & circular flewure 124. The upper bracket arm 122 is fastened

to & lower side ares 126 (Figures 7h and 7j) of structure 32 by

screws 1268 as shown in Figures 3 and 4. A differeatial trans-

former 128 ia attached to bracket 115 and is cosnected to the
upper bracket arm 122 by circular flexwre 1282, This instrument

3 2sis provided so that fndication of sngular displacement of the

S
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camora 19 about the piteh axis can be obtained.

A hracket 130 which is detailed in Figures 3a and 3b is
also attached tu the upper yoke 120. Another bracket 131 de-
tailed in Figures 3¢ and 3& is located below bracket 130 and is
attached to the lower yoke 132, The lower yoke 132 is secured
to the lowez body 110 by cap screws 132a, aad is shows in
detail by Figures Ga and 6b. The roll solencid 50 is secured
independently from bracket 130 aad is connectad to bracket 130
through a circular {lexurs 134. Thus, ®oll solenvid 50 is con~
10 nected between the lower body 110 and middle body 106. The
yaw solenoki 52 is mounted laterally tc bracket 136 which is
also {astened to the lower yoke 132 as is clearly shown in Fig-
ures 4, 5 and 6. The yaw solenvid 52 is connected by a circular
flexure 136 to & bracket arm 140 which iy attached to the bottom
15 of the center support column member 142 (Figure 6). An eley-
atioaal view of the bracket arm 140 is illustrated in Figure 6c,
Thus, the yaw solencid 52 is connectad betwesa the lower body 110
and the center support columa member 142 which is secured to
the trunnion member 44 that affoctively supports the carcers 10,
20 To show clearly how the solencids are connected between
gimbal rings, reference caa be made to Figures 8, 9, 10, 11, 12,
13, 14 and 15 which are detailed drawings of the flexure supported
gimbal 46. The perspective of Figure § illustrates the goneoral
appearance of a preferred embodiment of a thres axis, flexure

25 supported gimbdal, The thres anis gimbal 46 comprises four main

-19-
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parts=-an W: hoc.lyl lGO} mid#lc body 106, lower body 110 and

4 center support eﬂm@ momber 142, The upper body 100 1s 2
cylindrical ﬂna-lh.lé.( structure having = large diametrical,
circular cut 44 intarsacting the side walls of the structure 100
partially below the top surface cver two dependaat side flanges
146a and 146b, This cut 144 provides clearance for the trunnions
of the trunaton mmbor 44. The four threaded holes 93 located
around the top edges of the upper body 100 thread with bolte 102
(Figure 5) ihich gecure the upper body 110 to ball joint structure
32 (and aircraft structure).

Two sets of countersunk holes 145a and 145b are aleo pro-
vided through the side flanges l46a and 146b as shows in Figures
11 and 13, -‘l‘hou holes 148s and 1438b accept screws 150a and 150b
which thread into the upper cubical ends of the pitch axis flexures
104, Thuo;wpor' ;uhlc‘l ends are held by the screws 150a and
150b in the :eornor't of the M shaped {Figure 11) lower adges of
the side flanges 1462 and 146b. Similarly, two other sets of holes
1542 and lﬂb are drilled axially through the upper body 100 aleng
the rim 90 degrees away from the holes 148a and 1486, These
holes 1542 and 1540 provide through passage of screws 1%6a and
156b {Figures 9 and 14) which thread diagonally into the upper
cubical ends 1582 nd 158b of the roll axis flexures 108. The
upper body iOO has a lir‘o central opening 16C formed by boring
parallel to the n@u of the cylindrical uppsr body 100 partway

down (Figures 14 and 15), spherically receasing the hottom and

20~
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then umﬁ; a rownded corner, square bole 162 {Figure 13)
‘through M~‘iucoond:um This provides clearance for the
ralsed core section of the lower body 110 and the center support
-column mun}hr 42,

The ’niddo body 106 {s also generally cylindrical coaform-
ing lfor cocfonm with that of the upper body 100. The middle
‘body 106 is esssentielly a solid round cylinder having aa upper
channel 164 cuat w the cylinder from the top surface aad
about halfway down the stde, ths bottom of the chaansl 164 form-
16 ing a W shaped edge (Figure 11). A lower chanmel 166 is stmilasly

cut &Mﬁ the m cylinder, the height of the channel 166 being
.l‘re:n the bottom surface of the cylinder running up approximately
halfway to the tep, the channel 166 ending in a M shaped groove
(Figure 9). - The lowsr channel 166 is oriented at right angles
1S to the upper chasnel 164.

Cc@uﬂl holes in middle body 106 aligned with holes
154a and 156b sccept the screws 1562 and 136b (Figures 9 and 14)
which thread into the wpper cubical ends of the roll axis flexures
108, the c‘ﬁtcd snds fitting into the corners of the top of the M
20 shaped nhu:uk 166, m-ﬂy.‘ two pairs of countersunk holes
170a and 87» (Moi 10 and 15) accept screw pairs 172a and
172y, u-pdcuvdy; m.:ﬁ thread into the lower cubical ends of
the pitch axis flexures 104. The lower cubical ends of these
fiexures 104 are held down in the corners of the ¥ shaped groove

23 of the upper channel 164, Thus, the piich axis flexures 104

21
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connact the upper dady 100 to the middle body 106 in an axis
psrallel to the upper chaunel 164.

The middle body 106 has two notched, flat areas i52a
and 1520 and a flat ares 158 (Figures 9, 11 and 12). The areas
152a, 152b and 158 can be milled flat for the leagth of the middle
body cylinder as hhown in Figure 11, for axample. Threaded
holes 176a, 176d and 178 ars provided so that the formed ends
and middie of upper yoke 120 can be fastened to the middle body
106 by cap ictmn 120a (Figures 3 and 4).

The lower body 110 is generally a ¢cross channel bar 180
{Figure 10} having an upper W shaped surface (Figure 9) and an
upright center core 182 perpendicular to the bar as shown tn
Figures 12 and 14. The chaunel bar 180 has & cutout ares 180a
{Figure 10), the inner profile of the cut 180a having a joggled
¥ cross sectional edge ideatical to the inher surface of the
upright center core 182, which is a directpillar extension from
the channel bar 180 (see Figure 12). The lower body 110 also
has mdnarou. 164a and 184b in which are located two paire
of threaded boles 1864 and 186b, the latter pair not visible (Fig-
ures 9, 10 and 11). The ends of lower yoke 132 are fastened to
these h.lu. 186a and 186 by the screws 132a as was shown in
Figures 4 and 6.

Two pairs of counterswnk holes 183a and 188b are drilled
in the bottom of the channel bar 130 near the two ends to receive

scraws 190a and 190b which thread into the lower cubical ends
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of she roll ;xis ﬂea;urea 106 {Figures § and 13}, Thus, & roll
axis parallel to the axis of the channel bar 180 is defined by
the line of intersection of adjacent planes of the roll flexurss 108,
Two pairs of countersunk holes 192a and 192b are also drilled
through the upright ceater core 142 of the lower body 110 as
shown in ﬂg\uu 12 aﬁdbls. Since Figure 12 shows only the
lower pair of yaw flexures, Figure 14 can be additionally re-
ferred to for cxact location of the threaded boles 192a. Screw
paire 194a and 194b rcmcuvqu fasten ihe upper and lower cub-~
ical ends el the yaw axis flexures 196 to the upright center core 1.
The. center support column member 142 is a channel bar
which has a V. shaped inner cross sectional edge in which the eads
of the W au. beat iawards, ask.cam be secn ia Figures 12 and 13.
Two pairs of countersunk holes 198a and 153b are drilied through
the center support cduwmn member 142 as shown in Figures 12 and
15. As befors, Figure 14 can be used to determine the exact
location of boles 193a. .Simﬂnr‘ly. two pairs of vcrews 200a and
200b thread into the upper and lowsr cubical ends of the yaw axis
flexures 196 through holes 198a and 1360, respegctively. The yaw
axis flexures 196 thnb'cmul {and support) the center support
columa member 142 to the lower body 110, Four of five threaded
holes 202 tapped in tho bottom of the center support column meme«
ber 342 (Figures le and 11) accept caup screws 204 (Figure 6) which
secure the bracket am 140 to the center support columa member

142. The throoe thresded holes 206 (Figure 13) in the top of the

23~
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center support columa member 142 recsive the three bolts
116 which secure- the truanion membery 44 to it. Thus, A yaw
axie which u normally parallel to ttu axis of the center support
column member 142 19 defined by the intersection of the planes
of the crossed yaw axis flaxures 196s and 196b.

The captivator 60 {s shown in greater detail in Figures
16, 17, 17a, 17b and 17¢. Figure 16 {s 2 front view of the cap~
tivator 68 {in back of camers 10} showing the mounting of 3 phase
moter 84 with a housing 208 which contains & magastic clutch
and suitable gearing to drive the sutput shaft conmscted to oper-
ate the Mnm sliders 86a and 865, Tube 90 houses a heavy
coil spring 210 which {s shown in a disconnected condition in
Figure 18.

The heavy coil spriag 210 {s normally somoewhat compressed
when cable 212°{s connocted to end plug 214. The 3 phase motor 84
drives s magnetic hystaresis clutch 214 through » 5 to 1 spur gear
reduction 216, Pinion 218 keyed to the output shaft of clutch 214
drives an cutput shaft 220 through convantional 141 to | reduction
M; 222, The reduction gesring 222 drives a half segment
gear 224 which is mounted and affixed to tho output shaft 220, ae
shown., BDeduction gearing 221 inciudes a hevel gear 2208 which
moeshes with the pinton 218, a small diameter spur gesr which is
mownted ead secured to the same (bearing eupported) shaft 220b
as the bevel gear 220a (not visidle under bevel gear 220a) meshas

with a larger diameter spur gear 220¢ on another bearing supported

24~
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gheft 2204, .f ﬁmth.r small diameter spur jenr 22J2 io «Jffixed

to the lattor boarlng supportad shaft 2274 aud meshes with
ancther 1o rth.&mcm gear 3271 mountsd and secured to a
‘izrge, bexrimg supported shaft 220y whici: :lso wounts (under-
neath) a sméu diametey spur gta_;. that wooches with the half
segment gu;t 224, - The cable Kll: is fastenud to the output

shait 229 and can be wound up arsund tho ghaft 220 ae the shaft
220 is rotated by the 5"1&3 222 driving the half segment gear
224, This, /af coaru,b &rtber cunpreeses the keavy coil spring 219,

The ?kal!vlcmah.t gear 224 is shovwn in Figure 15 with one

end (which ¢an be engaged by the spring !n3ded detent) braced
“ageinst Bu ;nd of & m.chﬁ:&cal Uit stop 226 which i 2 vectan-
gular sheped nylon block. The other end of the half gegment gaar
224 engages with the other cad of ths rectingular Umit stop 226
when driven to this position by clutch 214 and gearing 222. The
| clutch 214 slips iu M- coadition as statod before. A spring

. ioaded dat‘it 228 {Figure 16) is positioned neas the cutpul shaft

- 228, the end of which can be mmanuvally tursed by a sultcble wrench,

4 selanivm: vectifier 230 (Figure 10} derivee 30 veits . ¢, frum a

115 volts z. ¢, aupply'fbf snergizing the ¢luwzch 214, The circuit is

shown ia Figure 19 wherein the 115 volts s. <. is pruvided oniy
during the uﬁcnga pcrioa._. & filter capatitor 237 is coanecied scrogs
the supply lines aifto;' the rectifier 230, 1. slow the reicase of the
:clutch 214, it. iz shunted with a capacitor 234 in series with & re-

sistor 236. Without this feature, the captivator sliders H6a and 16b

~25-
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rods 250 and 256 and is perpendicular to the plane of the web of
cross mamber 238. The cosnecting rod 256 caa rotate about

pin 258 sver & wide ui-lu spread. The ceanecting rod 256

is connected $o the crank 242 as shown in Figure 17b. The

crank 242 comprises the output shalt 230 as & crankshaft which

is keysd to rotate & double saded crankarm 26C. The two sads
are respectively connsctad to ends of rocker arms 2622 saad 2620
through pins 264a and 264 which are mounted in bearings 266 as

shown fu Pigure 17c. It can be seenr in Figure 17¢ that the crank-

‘.mawa-«mycm-mumm.»nc.mm.mut

the hook shaped rocker arms 262a and 26Zb. The othar ends of

the rocker arms 262a and 262b bave holes drilled in them in line
with the axis of rod 250 and the end of comnecting rod 256, for
example, is inserted into the hole in vocker arm 262b and secured
in place by pin 260% (ph 268a 1o similarly used with rocker arm
262s). Thus, os the crankarm 260 is rotated clockwise, the rocker
arme 263s and 262> pim respectively with their comnecting rods
showt QM! pm points as, for smample, ot pin 238 whers the con-
‘mmndmmmnwummuu rod 280 of slider
86n. AfRer the craskarm 260 i» rotated 90 dogrees and passes

top desd center, the lateral transistory motion is, of courss,
transmitted to the sliders 86a and 86, moving them ocutwards,

This motion releases the shock absorber pine 882 and §8b which
are mounted on each side of camers 10 (Figures 2 snd 16), uacaging

the cainera 10,

«27-
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The assembly {ncluding absorber pin 88a mounted as
shown in Figure 1 is enlarged in Figure 20, which is a per-
spective of the shock absorber. Aa ucu;nu represontation
of the shock absorber in true proportion is providad by Figures
20a, 2100 and 21. The shock absorbers absorb the shock that
would «!omr\vin result irom impact of the sliders 86a and 86b
contacting the pins 88a and 88% on caging of tha camera 10,
Each shock absorber includes a shock absorber pin, such as
88a, swivel mounted in 8 housiang 270 on a toroidal bearing 272
{Figure 21) carried by the housing 278. The pia 88a has a 15
degres bass cone at the inner end which is engaged by an end
of a spring londed plunger 274. The plunger 274 is urged for-
ward by a spring 276 eacircling the stem of the plunger 274
iaside a cylindrical retainer housing 278 which is threaded fnto
the left end of housing 270. The spring loaded plunger 274 re-
centers the pin 88a after release from deflection of the pin 88a;
damping being provided by mechanical friction between the pin 88a
and plunger 274 ends. A pliable O-ring 280 fs carried in a
chsuneled groove oa the inside end of pin £8a and cushions the
pin 88s at maximum deflection when contact is made with the
side of the housing 270, The cushioning effect of the shock
absorbers can be varied by adjustiag the spring pressurs against
the plunger 274. This can be done by screwing the retainer 278
in or out to iacrease or decrease the spring 276 pressure on the

plunger 274. Bpring pressure should by increased if the recenter-

-zau
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ing transients are not damped out quickly encugh (by the start

of another operational cycle) and pressure should be decressed

if the camera 10 is not emootbly accelerated and decelerated

on uncaging and caging, respectively. A ring collar 282 can

be secured to the camera 10 skin by mesns of a screw (not showa)
which unﬁ- through the skin threading with threaded hole 282a.
The retainer housing 278 can be firmly held in. position by set
screws 282b (Figere 20) through collar 282,

The autobalance assembly 56 is shown in greater detail
by Figures 22 and 23. The antobalance weight or slug 284 is
detailed in Figures 232, 23b and 23¢. The autobalance tubs 04
carries the weight 264 which ts nc,tuud by d.c. motor 66 through
a system of pulleys. 7 small tube 246 mounted inside to the top
of autobalance tube 64 serves as & conduit for wiring and also as
s guide rail which fite in the groove 258 channeled in the top of
the weight 284. The cylindrical weight 264 has a hoie 290 drilled
through it paralisl to the axis of the weight 264. Two other holes
292 and 294 are alsc drilled parallel to the cylinder weight's
axis respectively into the left and right ends (Figure 23a) but
are not through holes like hole 290. Small diameter holes 296
and 298 are drilled diametrically through the axes of holes 292
and 294, respectively, nsar the bottom of the holes and small
pins arse inserted which span the dismeter of sach hole 292 and
294. Channeled slots 300a, 300b and 302a, 302b each mount

roller bearings 304 on axle pins which pass perpendicularly
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through the chaansled slots by way of slanting holes 306s, 306d
and 308, 308d. The weight 284 rolls on the roller beariags
3«Mumﬁ4;mbym small tabe 286,

A tension epring 310 housed in bole 292 is hooked o one
Mnam'hm« 296 and the other spring ead is tied to lins 312,
which passes over pulley 314 (Figure 23), wrappsd arcund the
pulley output shaft of 4. c. motor 66 and then looped over pulley
316. Thae line 312 is next threadsd through the hole 290, coatinues
MMldeh“mml@dum: right end
pulley 318 and brought back to weight 284 and tied to & pin in
hole 298 as ahown i Figure 32. A closed, endless and spring-
tensionsd loep is formed for moving the weight 284 back and forth
in autobalance tubs 64 accoxding to the direction of rotation of
shoter 66. Limit switches 320a and 320D, when actuated by
walght 284, uanubo&mdmhMmmtoﬂ
motor 66. Manwal cperation can ks accomplished through two
auxiliary switches 63 st the right end of tube 64,

A m&l block diagram of a preferved servo for single
axis mm@.u.. is shown fn Figure 24. This diagram s applic-
able to any of the thres servo channels controlling amguiar motien
about the roll, pitch or yaw axes of the camera stabilized mount,
Gyro sigaal K proportional to W, the angular velocity sensed

.y the gyro about the axis controlled, is mixed with K., & veitage

anslogue of & desired angular rate (which {s zero except for the
pltch axis during the L M. C. {uterval), and a mined cutput sigual

"

«30-
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is obtained and amplified by an amplifier having gaia X, and
applied to 2 solenoid produciag torgue at the torque/current
ratio K, of the sclenoid. The motion of the camera, having inertia J,
is referenced to the air frame, and ylelds a spring load toxqus T
according to camera compliance K.. The camera inertia load
torque T, cosnbined with the spriag load torque T, is the torque
opposed by solenoid torque T,. If E. is sero, the angulsr vel-
ocity W about the sxis controlled is xero, but if E¢ s set at some
value, solenold torque T, exceeds the opposed torque and produces
a constant angular velocity W about the controlled axia.

The single axis rate gyros 62 which sense angulay motion
for the camera 10 are conveational devices which each iacludes
a gimbal mounting an electrically drivea gyroscopic rotor per-
pondicutarzly to the plane of the glmbal ring, & torque generator
and a signal gensrator, all hermetically sealed in a case com-
plstely filled with a viecous fluid, The gimbal ring is supported
on diametrically opposing sad shafts which !ermf an output axis
perpendicular to the spin axis of the gyroscopic rotor. The
armatures of the torque gensrator and the signal geaerstor are
respectively sach mounted on am opposing end shaft of ﬁn gimbal
ring. Yor rate gyro application with HIG-3 integrating type gyros,
the signal generator output is smplified externally, and this
arplified signal is used to drive the torque generator. In this
manney, the torque developed by the torque generator is propor-

tional to the angular displacement of the gimbal (output axis) shafts,
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A pnferro;l gyro loop block dlagram is shown in Figure 285.
when the gyro senees angular motion, a precession torque is pro-
duced about the output axis which x:uuui angular displacement of
the aignal generator armature off null position to produce aa out~
put signal, __'. This otzpu signal is coupled by slectrostatically
shislded isolation traneformer T) to a high gain a.c. preamplifier
A; and the gmplitud signal {a demodulated by & domoduluw; which
is a2 trmi-pr chopper producing syachronous rectification of
the preamplifisr A} cutput. The demodulated signal {s amplified
by d.c. amplifiar A, comprising dirsct coupled push-pull class B
emitter followers, znd applied to the control field of the torque
gensrator. The torque gonerator pattern fiold is operated st a
known current (7 ma.), snd since the terque output of the torgue
generator is propt;rtioul to the product of the pattern fisld and
control field currents, the applied coatrol fleld current is pro-
portional 1o the rate input to the gyre, The resulting torque pro-
duced by the torgue generator is such to bring the gyro and signal
generator z.‘rmamu back into null. The angular displacement of
the signal genorator is kept very low because of the high loop gain
in the system.

Since the d.c. resistance of the torque generator ie
accurately known, &c voltage across the torque genarater (con-
trol field) is eampled for the rate output of the seasing gyro. The
current in the torque generator provides an accurate measure of

the angular rate i the loocp galn is kept high. The rate output

-32-
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signal is suitably applisd 10 & torquer solsnsid to drive the camers
hmh.dmmumouuymm sensed by the gyro, The
block diagram depicted circuit of Figure 26 (for the pitch channel)
iilustrates -‘_’”‘.."“ manasr in which this {s done. The con~
ventisnal uﬂp 62 s represented diagrammatically. The servo

icop as shown in Figure 25 can be seen In Figure 26 and includes
pitch gyro wuﬁ: 322, and part of torguer amplifier 324. The
outpuk eignal from the pitch gyro amplifier 322 is pansed through

a conventisnal balamced parallei-T, low pase filter 326 to modu-
Ister 326, Aan 1. M, C. command can be provided to another
modulator 330 as indicated. The command is simoply in the form
esfad.c. vﬁlh'o which is derived off a manuslly adjustable and
calibrated potentiometer connected across 90 volts d.c., for
exasnple. The modulated outputs of modulator 328 and 330, vhkh
are conventionsl shopper modulators, are added and applied to
preamplifier 332 through a gain control potentiometer 334, The
preamplifier 332 drives two magnetic amplifiers 336a and 336b and the
magastic amplifiers 3362 and 336b sach feeds ons winding of the pitch
contrel solenoid 48. These two windings opposse each other and if sa
equal em'n"n't mm {a both windings there ia o force from the
solesnoid. 'I’M magnetic amplifiers 336a and 3360 ars conventional
and of the Balf wavs reset type. Due to the reset type of action,
thess magastic amplifiers 336a and 3)6b are phase seasitive and act
a8 their ows demoduilators. The phasing of the preamplifier 332

output to the magnetic amplifiers 336a and 336b is such that one

-33.
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1 will operate on one phase and the other on the opposite phase,
Thus, one magaetic lmipimn- 336a drives the 'push’ coil and
the other 336b drives the 'pull coil of the solsnoid 43. The
solenoid 48 _Mvu the camers 1D in such & direction as to
S cppuss any motion sensed by the gyro 62,
The roll sad yaw channels ares similar except that the
LM, C, command lipd is zero and, consequently, demodulator
330 cau be omitted, Im the pitch chaansl, image motion compen-
_ sation is auampltqﬁe& by feeding an L M, &, voltage into chopper
10 modulator 330 and adding this to the output of the stabilising
chopper moduistor 328, The solenoid 45 will thea drive the
camera 10 until the gyro 62 cutput is equal and opposite to the
command, at which time there will be no signal to the preampii-
fier 332. Thus, instesd of nulling to cerc rate, the system will
15 null to a rate whicﬁ_ produces a voliage squal and opposite to the
command voltage. This means that when the eystem is nulled,
the camera -'xo will be moving at a given I, M, C, rate about the
pitch axds.
The :,ronm'pluﬁi A) connecting with isclation transformer T)
20 is {dentical {n detail circuitry to preampliiier 332, and their cir-
cuitry is shown in Figure 27. The torquer amplifier 324 is de-
tailed in Figure 28 and oae of the magnetic amplifiers 336 and
336b is shown in I'lguro 29. These circuits are generally conven~
tional and will be briefly described., The preamplifiers each com-~

25 prises an imput stage which is a transistorized squivalent of a

-y
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cathode fall;\uar ‘aad includes & capacitor 13 used to suppress
parasitic hi‘h {requency 6uctn;douu. Rasigtor B5 and capacitor
C12 forms a decoupling umarg which slso provides additional
power mpply ﬁlm'giug. Resistoras R4 and 72 form a bleeder network
which provides bias for the first trancistor Cl. Capacitor CZ fs a
coupling ca.]i"‘citor and cn;pacitdr C2Z couples the 2. c. signal from
the emitter v_to the I‘aiauf'natwork‘ ceuter which feeds the base of Cl.
By keeping llu cénfcr of the Mll network éff the same a.c. potential
a8 the omitior. the ®.c. tmpedance of resistor Rl iz sffectively
increased by a factor of btppruuimately 12, This is used to kesp

a high input tmpedance to the firat transistor Tl which prevente

the amplifier from lou_ur;g the signal scurce,

The second stage of the preamplifier is 2 common emitter
amplifisr Q2 whlch_u‘ di:tctly ¢uupled to the emitter of transistor
<l. Resistor R7 in the gmitur circuit of (32 provides some a.c.
gain stability. '!'M.s unbypasesd resistor provides negative current
feedback in the Q2 aug@. Ruil.ator P8 provides nagative curreat
feedback atithe d.c. level, and since it is 28 times 2» large as R7,
it reduces the d.c. gain of the stage to uppraximately 3, for
example. This resiator RS alsc deternines the d.c. operating
point for trﬂuaimr Q2. Capaeitor 75 bypaeses this resistor RS
in order to phtahi s M;h ®.c. gain for the stage. Reslator 217 is
the collectoi load resistor for the stage ~od capacitor C10 is ueed
to cut off the Mgh»or' frequeaciss which would only 2dd to noiee in

the system.

w35
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Capacitor C9 ts 2 coupling capacitor to the third stags,

~ which is alse s commen emittey amplificr. Resistors R6 and

R16 form ; Nooﬁt blas netwark for transistor (3, and resistor
RY {s used to increase input resistance and provide suome gain
stability, hohhi R10 provides 4. c. degeneration and tem-~
peratare lhbiuty. and capaciter C6 bypasses resistor R10 for

&, 0. -tandi. Resistor R1! is the collector load resistor for

tais stage and capaciter C7 is the coupling capacitor to the

next stage, which {s & common emittar cmplifier. This stage

ie the driver for a push-pull output, Resistors R12, 213, Rl4

- and R1% poﬂt:rlé the uuu fumetions as similar resistors in

_ the pncn&; atage. The gaim can be varied by increasing the

a.ec. Mpod;aco h.tlu smitter circult of transfetor . The
collccgor cﬁcuﬁt él 04 fncludes the primary of a d;h;er trans-
former '!'10:.’ which is gnuata‘by capacitor C11 to carrler
frequency. ﬁalhﬁr: R19 loads the rescuant circuit reducing

ite Q to broaden the resonance. This improves waveform com-

‘siderably when the amplifier is overdriven, and prevents strong

spikes lma'_x cceurring, -

The outpat m'gc is 2 push-pull class B smplifier including

transistors Q5 and (6. The ues of & class B stage reduces

dissipation in the transistors when full cutput is not required.
Resistors R22 and R16 form a bias notwuri for the stege. This
places a small forward bias on 05 and _6 to eliminate croesover

distortion and thu ptMu a Au_mcll dead spot {from occurring at

«36-
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1 raversed, both tramsistors Ql' and Q2' are back biased and a0
current flows. The transistors ars used in inverted connection--the
aormal collecter Junction is used as the emitter and the normal emitter
junction is used as a collector. In normal operation the trassistors

5 are driven from cutoff to saturation, requiring little driviag voitage,
17 9:9&:. substantially square wave switching, Two of these single
pol%w switches are combined with a commeon driver transformer
to make a complete SPDT chopper. The a.c¢. input {s converted iato
a double endad, polarity revereible d.c. eignal which reverses in

10 polarity with the phass of the incoming signal. This signal is alter-
nately connected to fliter capacitor Cl' sad the bases of amitter
followsr Q13 and (014 then to fliter capacitor C2' and the bases of
emitter follower Q15 and 016, Kach emitter follower uses two
transistors in parslisl to provide hcruqod powsr output,

15 The two smitter followers feed the brqﬁ. generator
control fisld of gyro 62, and are connected in a Srm;. circuit
in which the control field of the torque generator is counscted
between the emitters of the two emitter followers. The SPDT
chopper acts as a syachronous rectifier, For one phase of input

20 a.c, signal, the rectified output across e_hc capacitor Cl' and
C2' will be positive on one capacitor and negative on the other
with respect to the +30 V, line. The smitter follower with the
negative signal will follow the input and the emitter follower with
the positive signal will be cut off und its emitter will remain at

23 zoro, measured with respect to the :30 V. line.

.,8-
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} ' The stabilization chopper compruhc muhn Qs',
Q6', QT and Q8 samples the voltuge acress the torque gensrator
control field through filter 326. m' chopper has two 'contacts’
connacted to sach vide of the contrel field through fiiter 326,

s and an “erm” coanected through a eéuplh; caﬁcﬂor C4' o
proamplifier 332, Thus, a d.¢, o M-troqu.'cy 8. c. input
is converted to & modulated 400 c.p.s. sutput, for example.
This modulated ocutput reversss phsio as the polarity across
the control fleld of the torque geasrater reverses. In the case

10 of the pitch channel, a similar additional chopper comprising
transistors Q%, Ql0, Qll and Ql2 coaverts a d.c. LM.C. voltage
into & 400 c.p.#. a.¢. veltage. This signal is combined with
the a. ¢. signal from capscitor C4' throi.h & resistancs adding
astwork comprishyg resistors R7' and R8'. Whea these two &, ¢,

is voltages are equal sud opposite, they cancel snd no output signal
is fed to the preamplifier 332 in the pitch cluml The system
will seek a null whers these two signals cancel ud can only do
this by moving the camem 10 at such & rate that the gyro 62
output as meagured across its torque gensrator coutrol field

20 squale the L M, C, comumand voltage, "I‘Imt.. ® constant d.c. input
to the I M, C, chopper will command a couungrm on the camers 19,

The output of preamplifier 332 is applied to » pair of mag-

aetic amplifiers 336a and 336b, for WC. Mu{h transformer
T3 as shown in Figure 30, A magnetic &laplmo.t is {lustrated in

25 detail in Figure 29. Two units are used in each channel aad the
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1 upper end of the secondary “,trtq‘himtr T3 is connected to
imput tezminal 1 of magnetic amplifier 336a ni_‘.w input terminal
15 of magnetic amplifier 336b whils the lower ead of the secondary
is comnected to input terminal 15 of magnetic amplifier 3362 and

5 to iaput torminal 1 of magnstic amplifier 336b. .Thiu inter-
changing of input to = magnetic amplifisr with respect to the
other permits one tc conduct for one phase of the input signal
and the other to conduct for the oth"r ‘yhlu of the signal. One
magnetic amplifier ts connected to the 'push’ ccll of the svlenoid

10 48 and the other to the pull coil, 'I'hul. the dﬁrceﬁan of force
is dependent upon the phase §t the input signal. The magnetic
araplifiers used are full wavg‘»'d-vico}u obtained by ueing two half
wave sections and {eeding thet: from thc‘ center tipped preamplifier
output transformer T3. The ce&ir‘e{ cyele for ome balf wave

15 section occurs during the load cycle of the other, and vice versa.
If, during the control half cycle, _thl '"“.i“o'. Gla snd Qo are
held cut off by the phase of their input signal being oppo‘liw.
with respect to line, neither baif wave ucﬁénn of & magnetic
aruplifier conducts znd no output is obtained. ﬁe notation ¢I

20 and ¢2, aftar the line 13 V. and 26 V. legends refer to upper and
lower halves of a center tap grounded lﬁpiy transformer cofl aad
do not mexn & two phase supply. A

The genersl operation of the Mr& stabilized mount can

now be described with reference to !’lgmi'o. -'"I)uriag & cycle of

2% operation, the programmer 33&--which is a stepping switch--nickey,
-40-
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it

15

20

23

for example, 1] steps ae indicated. Film can be drawn in the
camera 1C during the first three steps. and tho! during the next
three steps the autcbalance s;etay' K3 is mtg!;od together with
the uncaging relay K2, A relay K1l is GMOM across the
pitch solenoid 4% coils as showa and is t mbk pole, center
balanced two position relay, %hen K2 is oaqr;hod. the
magnetic amplifier proamplmerl‘aro odnr;kid by completion
of the circuit of the 30 V. peturn Hu.‘ s m-.'lamc ttme,_ .tho
captivator clutch 2id is energized by rectified 115 V. a.c. pover,
The uncaged camera 10 will be utéhl‘llac_d and Uf & static unbsl-
ance drift caused by uaevea &ranapo?t of film h sensed in ﬁe
pitch chaanel, tiie poles of fday Xl will be acﬁ_uud either ﬁp
or down &ccording o the dil;cctionol camera drifi. Since relay
K3 is actuated, 2P volis is 'uituhly.'- appiied through actuated |
relay K1, manual switches 68 and limit tvitch.j 3204 and 320k
to autobalance motor GO, moving the welght 284 in tube 04 to
comnpensiate for unbalance in the camere 19.7 The relay &1 can
be a time delay rulay to delay operstion of the iutebalmce until
steady state condition is reached,

The autvi:isnce funetion is discontinued when L M. C, i&
comroenced. The camera lb iz, howevsr, kopt uncaged, of
course. Relay Y4 is onergised whl#h breaks the - 28 volts
circuit to the autobalance circuit md éo;ow- s short which allows
the L M, C. signai to be applied to the pﬁch mrq:uer amplifier 3724,

A camera shulter pulse is :hon applied dnxtn; the tanth step, and

~41-
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1 the operation is ompleted by the nlm utlp.: when the camera
10 ie caged and thz systen mordlf _dc-cinrgﬁea. Thus, &
mount is provided in which dehm.r& is uppomd by a three
axis, low frictios 1orgue gimbal in which the center of gravity

5 of the camera is cuincident with, or wri clou__i‘to the pivet polat
of the glmbal. Cuntruiling means includhs ratit gyros and suite
able servus and ;ower auppnei are used to govern torquer
solenotds suitebiy atteched h the gimbal betwesn gimbal riagi.

A captivator or ruechanical sager locks the nhora to the atrframe
it «e required when e c.‘mmr'ﬁ c.tahﬂhod meunt s not in operation.
The captivator roisases tis camers in mraﬁo‘ su that it is free
to pivot about the ;imbal, ‘!‘he rate ;yruw‘nu any an ulay move-
ment of the moun:, and turough the sérves, sigmil an appropriate
torguer solensic 1o axert 4 lorqueoa m mount sc a8 to sppose

is the angulsr moveroent of the mom Normal eperating angular
movements ars only fractions of & “‘rn lmd & maximui: range
of & 3 degrees, {ur sxample, is intended., However, the {lexure
ghinbal can be cup:ble of movement to mrﬂh&taiy & 15 dasron.
without difficulty sbout wclux(s. '!ho ummm here is due only

290 to flexure elepticiiy,

It tw, of o ursas, not iec;ufl.d that the u;)ntroliing moau
cornmand zero cnoular rate, but e ':‘“ '.ipil cau be put iatc the
system such tha: s mount will mova ia such ;xsmnnor o come
penaate Lor trany:otion of the sireraft munua' the camaca, and

25 thua provide for Loage motion coumulm; Bimilarly, it is not

42~
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L]
(%Y

required that tac .
but that the gysie:
woust wherein .
dﬁawaa of frenu. .,
the roount is ideo .

will tie wmsuny g

in the cameray o

waight diztributi

provided betwuis
mwovement for p-
use.

I is o be

of the invantion .

iags wre mesely 1.0

inveniion, Jad (&

Arrungemnent L

scope of the Lro. .

jatei be wsed on all three m.s of rucu’a&iqn
can iu:uctiw as a oﬁt or t_wi- axis aiabiliced
smbal would aliow the mou@ one OF T 5 :
respoctively. It is alee ifp««ire‘nt LI
side

5 el t9 support twe camuers side Ly

Loreily lucated between the cam:ras. . lm

- muve ia opposing directions tu xuaini in equel

sz sutebalance tube and weiznt can wlso be

csw Tew cameras ruaning paradlot with il

e cuairol or where only oue voses. . in

vnderstuod that the particular en podir s cats ‘

cortied wbove and shown in the sitacheu drawe-

uairative of wnd not restrictive of the .roed
rarivis changes fa dﬁitgn. atruciure cad
RERS FEEAY w_ﬂhcmt fkﬁarting fr&_m taw spirit snd

Gioobee ippcndod claims,
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56-9
We claim:
1. A stabilized mount for cameras or the like, comprising:
2 mounting means for supporting a camera and baving an axis of
3 rotation; solenoid torquing means connected to apply torque about

4 - the axis; and means for sensing camera motion about the axis

L] and to energise said solenoid torquing means to oppose the camera
6 motion, whereby said camera is stabilized to zero velocity about
the axis. |

2. The invention according to Claim } including, in addi-
2 tion, means for introducing a rate signal into said latter means,
whereby said camera i moved about the axis at a rate according

4 to a charactaristic of the rate signal.

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP89B00487R000300670001-9



s v W

»

Sanitized Copy Approved for Release 2011/08/22 : CIA-RDP89B00487R000300670001-9

869

3. A stabilised mount for camneras or the like, comprising:
M means for supporting a camera and having at least one
axis cl rotation; selesoid torquing means respoctively connected

" to apply terque about an axis of rotation; and a velocity servo
tuhdh; sate sensing means for sensing camera motion respec-
tively about aay axis of rotation and to energise said solencid
torquing means to opposs the camers motion, whereby said

camera is stabilised to sero velocity about any axis.

4. The iavention according to Claim 3 including, in addi-
tion, means for introducing a rate signal into said latter means,
whereby said camera is moved about an axis of rotation at a rate
corresponding to the rate signal magnitude.
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A 5. A stabilized mount for cameras or the like, comprising:
a three axis gimbal for supporting a camers on a pivot point;
torquing oolmidl connected to apply torque respectively about
the three axes of said gimbal; and a velocity servo including rate
gyros for sensing camera motion respectively about the three
axes of said gimbal and to enargize said torquing solenocidsto
opposs the camers motion, whersdy said camera is stabilized

to zserc veldcity about all three axes.

6. The invention according to Claim 5 including, {n addi-
tion, means for introducing a rate signal into said velocity serve,
whereby said camera is moved about an axis at a rate corresponding

to the rate signal magnitude,
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7. In a stabilized mount for cameras or the like,caging
means, comprising: a pair of swivel mounted shock absorber
pins attached 0 two sides of 2 camera; a pair of yoke sliders
spring loaded to respectively engage said shock absorber pins
caging the camera; and actuator means for moviag said pair of
yoke sliders against the spring load, disengaging said shock
absorber pins, whereby the camera is uncaged when said actuator

means is energized,

8. The invention according to Claim 7 wherein said actuator
means includs n motor, a maguaetic clutch driven by said motor,
& crank mechanism connected to said magnetic clutch for moving
said pair of yoke sliders against the spring load, means for ener-
gieing said clutch to drive said crank mechanism, snd means for

slowing release of said clutch on de-energisation of sama.
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9. A stabllized mount for cameras or the like, comprising:
a three axis, flexure supported gimbdal for mountinﬂéamon on
a pivot point} torgwer solencids connected to apply terque respec-
tively about the thres axes of said gimbal; and servo means for
sensing élnﬁtu motion respectively about the three axes of said
gimbal and to energise said torquer solencids to oppose the camera
motion, m?eby said camera is stabilized to aero velocity about

all three ms

10. The invention according to Claim 9 including, in addi-
tion, means for introducing a rate signal into said servo means,
wheroby said camera is moved about an axie at a rate corresponding

to the rate gsignal magnitude,
11. The invention according to Claim 9 including, in addi-

tion, means for automatically caging the camera in the event of

powar failure,
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56-9
1 12. 'The inveation accordiag to Claim 9 including, in addi-
2 tion, autobthneo means compensating for film movement to
3 maintain camera qutfc balance.
1 13. The invention according to Claim 9 including, in addi-
2 tion, a ball joint safety nﬁrucmro for supporting the camera in
3 event of flexure failure in said gimbal,
1 14. The invention constructed and adapted to operate
2 substantially as described with reference to the attached drawings.
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